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(54) Process for the preparation of a 
thermoplastic material of composite 
structure 

(57) The invention relates to a process 
for the preparation of a material of 
composite structure containing a 
thermoplastic resin (e.g. poly- 
ethylene, polypropylene or PVC) and a 
polymeric fibrous reinforcing material 
{e.g. cellulose fibre, wood fibre, cotton 
waste or cut-up leather). The material 
is provided with a high modulus of 
torsional shear and good shock- 



proofness by pretreating the fibrous 
reinforcing material with a mixture 
consisting of an unsaturated polyester 
resin and a vinyl monomer in an 
amount of 1 — 80 percent by weight, 
related to the reinforcing material. The 
treated reinforcing material is then 
blended with the thermoplastic resin. 

The use of the polyester as 
adhesion-promoter considerably 
improves the homogeneity of the 
composite material/which is 
processable without pregranulation on 
an extruder. 
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SPECIFICATION 

Process for the preparation of a material of 
composite structure 

The invention relates to a process for the 
5 preparation of a material of composite structure 
having a high modulus of torsional shear, good 
shock-proofness and being processable by the 
formation technologies of thermoplastic plastics. 
The success of the composite materials of high 
1 0 strength and consisting of a fibrous reinforcing 
agent and a matrix is well known. Beside the 
plastics reinforced with cut or "infinite" glass 
fibres, glass quilt or fabric, plastics reinforced with . 
metal fibres, carbon fibres, special monocrystafs 
1 5 (whiskers) or even synthetic polymer fibres, e.g. 
aromatic polyamide fibres, gain more and more 
ground. 

The thermoformability of the polyolefins and 
polyvinyl-chloride (PVC) is excellent. However, 

20 their use is restricted by the high temperature 
dependence of the modulus of torsional shear in 
contrast to the acryl-nitrile-butadiene-styrene 
copolymer (ABS), the polycarbonate and the other 
"engineering plastics". The possibilities of 

25 applying the polyolefin and the PVC plates could 
be extended in numerous fields if the modulus of 
torsional shear measurable at room temperature 
were so increased that it does not decrease too 
rapidly with rising temperature and that it does 

30 not spoil but — if possible — rather improves the 
cold resistance. 

Among the natural polymers the association of 
wood-fibre and wood-flour, respectively, with 
plastics is as old as the plastics technology itself. 

35 Not much later than the first years of this century 
L. H. Baekeland obtained a patent for a process 
for preparing phenol-formaldehyde resins, he 
found that the most advantageous composite 
material for these resins is wood flour. Since then 

40 week flour has been considered as the still 
cheaper filling agent of the cheap plastics. 

Such early composite systems like e.g. the 
bakelites filled with wood flour, really belong to 
the simpler plastics, and due to their moderate 

45 technical properties they are more and more 
ousted from among the modem plastic products. 

The main component of wood substances with 
a fibrous structure, the polymer molecule of the 
cellulose having the form of a yarn, can possess 

50 very high solidity in an ideal case. Therefore, 
recently natural wood substances having a 
disperse form has attracted more and more 
attention as filling and, resp., skeleton substance 
of thermoplastic plastics. Since the middle of the 

55 seventies numerous processes were published for 
the association of polyolefines and PVC with 
wood-fibre. 

According to German patent specification No. 
2,427,080 the good connection between wood- 
60 fibre and thermoplastic plastics and insensitivity 
against moisture of the composite mat rial is 
solved by carrying out a pregranulation. This 
process does not ensure, however, a chemical 



65 process is disclosed in British patent specification 
No. 1,457,01 5 according to which the wood-fibre 
and the thermoplastic polymer are pregranulated, 
then extruded and calendered. No chemical bond 
between the components is established in this 

70 way either. 

According to German patent specification No. 
1 ,9 11 ,804 the connection between the matrix 
and the skeleton substance of polyolefines 
associated with wood-fibre is improved by 

75 modifying one or both of the two main polymer 
components by the grafting of vinyl monomers 
initiated with radiation or by other means. The 
grafting copolymerization carried out on powdery 
components can be performed, however, only 

80 with high monomer losses as it is attested even 
by this patent specification. 

The French patent specification No. 2,370,766 
proposes to associate wood-fibre, pap r-pulp or 
waste materials of this base with thermoplastic 

85 plastics in such a way that the composite material 
based on iigno-cellulose is converted to a 
copolymer grafted with a vinyl monomer in an 
aqueous dispersion. Thus, the most important 
step of the process takes place in a nearly 

90 hundredfold quantity of water, related to the 
basic lignocellulose material, the elimination of 
which is an expensive and energy-demanding 
process. 

The German patent specification No. 
95 2,850,1 55 discloses a process in which an 
adhesion-mediating agent based on silane is 
added to the composite system consisting of 
polyolefin and fibrous reinforcing material; this 
additive, however, significantly increases the 

100 costs. 

The aim of the invention is the elaboration of 
such a composite system consisting of 
thermoplastic plastics, e.g. crystalline polyolefin 
(polyethylene, polypropylene) or a polyvinyl 

1 05 chloride matrix, and a natural polymer fibre which 
can be readily processed with the formation 
technologies of thermoplastic plastics (injection 
moulding, extrusion, calendering, vacuum 
formation etc.) and the modulus of torsional shear 

110 of which increases as compared with that of the 
starting plastic in such a way that the cold 
resistance of the composite product does not sink 
considerably in relation to that of the basic 
polymer. 

1 1 5 The invention is based on the recognition that 
by using wood-fibre or a similar natural polymer 
fibre, a fibre-reinforced composite plastic system 
having good mechanical properties can be formed 
if the possibility of a chemical connection 

1 20 between the synthetic basic polymer and the 
fibrous natural polymer Is ensured by using an 
unsaturated polyester resin. 

This recognition is surprising because the 
unsaturated poly ster resin — like 

1 25 polycondensation products with a molecular 
structure significantly different from that of 
thermoplastic plastics — has not been used till 
now for the modification of polypropylene, 
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thermoplastic plastics because the unsaturated 
polyester is basically incompatible with all these 
polymers. The addition of a thermosetting cross- 
linking resin system to the thermoplastic plastics 
5 is in itself unjustified, too. 

Furthermore, the invention is based on the 
recognition that with the aid of the resin system 
consisting of unsaturated polyester and vinyl 
monomer such an adhesion-mediating layer can 

1 0 be formed on the boundary surface of the wood- 
fibre and the thermoplastic plastic associated 
with it, the linking of which is established in the 
course of the polymerization of the vinyl monomer 
component (e.g. styrene) and its 

1 5 copolymerization, respectively, and this ensures 
an intermediate chemical connection penetrating 
through the touching layers of all three polymer 
phases: — 

— the thermoplastic basic polymer {e.g. 
20 polypropylene), 

— the adhesion-mediating polymer (polyester), 
and 

— the natural polymer fibre used as disperse 
skeleton substance (e.g. wood-fibre). 

25 Accordingly, the invention relates to a process 
for the preparation of a material of composite 
structure containing 20 — 99%, preferably 30 — 
80%, of a thermoplastic plastic and 2 — 80%, 
preferably 20 — 60%, of a fibrous polymer 

30 skeleton material of natura\ origin, the material 
having a high modulus of torsional shear, good 
shock-proofness and processable by the 
formation technologies of thermoplastic plastics. 
According to the invention one proceeds in such a 

35 way that the fibrous natural polymer skeleton 
material is previously treated with a resin mixture 
consisting of an unsaturated polyester resin and a 
vinyl monomer in an amount of 1 — 80 percent 
by weight, preferably 2 — 40 percent by weight, 

40 related to the skeleton material. 

Powdery polyethylene having a flow number of 
MFI=4 g/10 minutes (measured at a temperature 
of 230°C and under a load of 2. 1 6 kp) or 
polyvinyl chloride characterized by a Fikentscher 

45 value of K=70 can be advantageously used as 
thermoplastic basic polymer. 

As natural polymer skeleton material e.g. 
cellulose fibre, wood-fibre, cotton waste, cut-up 
leather-fibre and other fibrous agricultural 

50 products or waste can be advantageously used. 
In the process of the invention a resin system 
consisting of maieic acid-phthalic acid- 
ethyleneglycol-propyleneglycol polycondensate 
and vinyl monomers, e.g. styrene, methyl 

55 methacrylate, vinyl acetate can be 

advantageously used as unsaturated polyester 
resin, in which the average acid number of the 
polycondensate is 40 mg KOH/g resin, its 
unsaturation amounts to 1 8 — 22% and which 

60 contains beside the polycondensate 5 — 80 
percent by weight, suitably 35 — 65 percent by 
weight, of vinyl monomer. 



chemical connection between the polyester 

65 (adhesive intermediate layer) and the fibrous 
natural polymer skeleton material is given on the 
double bonds of the polyester. According to the 
invention one can proceed in such a way that the 
reaction of the double bonds with the skeleton 

70 substance is attained without adding an initiator 
so that this reaction takes place in the 
corresponding phase and temperature range, 
respectively, of the processing technology. 
However, one can also proceed in such a way 

75 that the reaction between the natural polymer 
skeleton material and the polyester Is initiated by 
a chemical initiator decomposing under thermal 
influence or by — previous gamma radiation of 
the skeleton material. 

80 Benzoylperoxide, cyclohexanoneperoxide or 
tertiary butylperbenzoate can be advantageously 
used as thermoplastic initiator (in a quantity of 
0.1 — 3 percent by weight related to the polyester 
monomer mixture). 

85 Optionally the reaction between the natural 
polymer fibre and the polyester can be 
advantageously attained by gamma radiation, too. 
For this purpose the natural polymer fibre is 
previously irradiated in the presence of air with a 

90 dosage rate of 1 — 1 0.000 Gy/h, altogether with a 
dose of 0. 1 — 1 00 kGy, preferably with a dose of 
0.5 — 50 kGy. 

The main advantages of the process of the 
invention are as follows: — 

95 — The use of the unsaturated polyester on th 
fibrous natural polymer skeleton material is 
accompanied by significant advantages already Sn 
the technological step of making up the powder 
mixture. The polyester moistens the otherwis 
1 00 unpleasant wood-fibre, leather fibre or other 
agricultural fibrous material which flies like 
powder. The dry blend composed in this way is 
crumby and not sticking, and can be readily 
processed. 

1 05 — The advantage of the use of polyester is 
apparent in the further steps of the technology, 
too. When it is processed on a roller mill, the 
continuous sheet formation is more rapid, the 
intermediate is more homogeneous. 

1 1 0 — Due to the use of the polyester adhesion 
mediator the powder m)xture consisting of the 
thermoplastic plastics and the natural polymer 
fibre can be fed directly, without any 
pregranulation into a plate producing extruder 

1 1 5 having a broad slot or into a modern calendrette 
connecting the technique of extrusion and 
calendering. 

— In spite of the fact that — as has been 
mentioned above — the thermoplastic plastics, 

1 20 particularly the polyethylene and the propylene, 
are basically incompatible with the unsaturated 
polyester resins, the use of the polyester 
adhesion-mediator on the natural polymer fibre 
markedly improves the homogeneity of the 

125 composite. The plates pressed according to the 
invention are semi-transparent even in a 
thickness of 2 — 3 mm in contradiction to similar 
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— The advantages experienced in the course of 
the processing, the parameters described and 
measured in the following examples (processing 
moment demand, physical-mechanical properties) 
5 and the quality of the prepared product equally 
refer to the fact that a chemical bond is 
established in the composite material between 
the natural polymer fibre and the synthetic 
polymer matrix. This fact advantageously 
1 0 Influences all further properties of the novel 
plastic material of composite structure, e.g. 
stability, resistance to weather and generally the 
life, too. 

The process of the invention is further 
1 5 illustrated with the aid of the following non- 
limiting examples. 

Example 1 

40 parts by weight of wood-fibre (average 
diameter 1 0 microns, average length 1 50 

20 microns, moisture content max. 1 5%) are added 
under stirring to 1 60 parts by weight of 
unsaturated polyester resin, the latter being a 
product consisting of 35 percent by weight of 
maleic acid-phthallc acid-ethyleneglycol- 

25 propyleneglycol polycondensate (average acid 
number: 40 mg KOH/g resin: unsaturation 1 8 — 
22%) and of 65 percent by weight of styrene 
monomer. 

The wood-fibre is left swelling in the polyester 

30 resin for 20 minutes at room temperature; during 
this time the wood-fibre adsorbs altogether 50% 
of polyester resin, related to its original weight. 
Thereafter the wood-fibre is filtered off by suction. 
In this way 85% of the original polyester resin can 

35 be recovered and can be used for impregnating 
the following charge of wood-fibre. 

Then the wood-fibre swollen with polyester is 
admixed with powdery polypropylene (MFI flow 
number 4 g/10 minutes at a temperature of 

40 230° C, measured under a load of 2. 1 6 kp) in an 
impeller (produced by PAPPENMEIER, FRG) in a 
ratio of 60 percent by weight of swollen wood- 
fibre to 40 percent by weight of polypropylene. 
After 5 minutes of stirring initiated at room 

45 temperature with a speed of 600 

rotations/minute a crumby, readily processable 
mixture is obtained. This basic substance mixture 
can be directly processed in an extruder with two 
pulleys, a calender or a calendrette, but for 

50 injection moulding pregranulation is necessary. 
The behaviour of this mixture while processing 
was studied on a Brabender plastograph. The 
effect of the additive formed of the unsaturated 
polyester and vinyl monomer can be well 

55 observed at the wood-fibre-PP composite system 
on the moment take-up diagram of the mixture 
molten in the kneader chamber of the Brabender 
plastograph. The kneading moment demand of 
the 1 :1 mixture of wood-fibre and PP in the 

60 kneader chamber W 30 H at a temperature of 
1 80°C is shown in Figure 1 . The moment demand 
taken 1 0 minutes later which can be considered 
as demand of equilibrium can be reduced to half 



65 parameters — if the wood-fibre is modified by 30 
percent by weight of polyester monomer mixture 
related to the total mixture of the system. This is 
illustrated in Figure 2 where it can be seen that, 
. due to the reactivity of the polyester resin which 

70 is caused by its unsaturation, the moment 

demand slowly increases without the use of any 
initiator, too, while kneading the composit 
system. However, this increase does not mean an 
irreconcilable difficulty in the reasonable time 

75 range necessary for the procession. 

Curve 2 unambiguously refers to the formation 
of a chemical bond in the system processed at 
high temperature. 

From the samples composed in the Brabender 

80 kneader chamber plates with a thickness of 2.5 
mm were prepared by pressing. The samples 
were prepared as follows: — 

— preheating between the plates of the pressing 
machine (produced by Schwabentahn, FRG), 
85 without any pressure at a temperature of 1 85°C 
for 5 minutes; 

— rolling on a laboratory roller mill at a 
temperature of 1 90°C for 5 minutes; formation of 
sheets of 0.3 mm thickness; 
90 — pressing at a temperature of 1 80°C with 5 
minutes of preheating; started without any 
pressure; then continued at 1 80°C for 3 minutes 
at a pressure of 22 N/mm 2 , following by cooling 
to 40°C within 10 minutes. 

95 The DYNSTAT bending strength of the 
homogeneous tough plates amounted to 35 
N/mm 2 (in contrast to the plate of polypropylene 
filled with ICI wood-fibre which had a DYNSTAT 
strength of 28 N/mm 2 ). 

100 Example 2 

One proceeds as in Example 1 with the 
difference that 1 percent by weight f benzoyl 
peroxide initiator is added to the polyester used 
for pretreating the wood-fibre. The polyester resin 

1 05 recovered after the vacuum filtration can be 
reused here, too, If the initiated resin is stored 
cool until the following application. 

The Brabender plastogram taken for by 
maintaining all other parameters identically is 

1 1 o illustrated in Figure 3 for the composite containing 
wood-fibre treated with initiated resin. The 
moment increase proving the chemical reaction is 
higher here than in Figure 2. 

The DYNSTAT bending strength of the pressed 

1 1 5 plates prepared as in Examples 1 was 36 N/mm 2 . 

Example 3 

One proceeds as in Example 1 with th 
difference that the wood-fibre is pretreated with 
ionizing radiation before the admixing with the 
1 20 polyester resin. The irradiation is carried out at 
room temperature in a sack permeable to air by 
using a 60 Co gamma radiation source. By using a 
dosage rate of 0.2 kGy/h and an irradiation time 
of 50 hours the air-dry wood-fibre is irradiated 
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The Brabender plastogram of the mixture 
prepared as in Example 1 is shown in Figure 4. 
The nearly equilibrium moment obtained after 1 0 
minutes of kneading is higher than in Figure 2. 
5 This means an increased reactivity but it is lower 
than in the case of adding benzoyl peroxide; thus, 
the process can be readily controlled. The 
diagram proves the taking place of a chemical 
reaction between the wood-fibre and the 
1 0 polyester resin. On using wood-fibre pretreated 
with radiation the DYNSTAT bending strength of 
pressed plates prepared similarly as in Example 1 
was 37 N/mm 2 beside otherwise commensurate 
parameters. 

15 Example 4 

1000 parts by weight of wood-fibre (average 
diameter 10 micron, average length 1 50 micron, 
moisture content max. 1 5%) pretreated with a 
radiation dose of 10 kGy as in Example 3 are 

20 admixed with 250 parts by weight of polyester 
resin (styrene monomer content 35%) in an 
impeller suitable for the plant preparation of a 
plastics powder mixture (produced by the firm 
PAPENMEIER, FRG). Stirring is continued at a 

25 speed of 600 rotations/minute for 1 0 minutes, 
during this time the temperature of the powder 
mixture rises from room temperature to about 
45°C due to the heat of friction. The wood-fibre 
readily absorbs the polyester resin. The mixture is 

30 crumby and suitable for further procession. 
The further processing is carried out in the 
same impeller. 1000 parts by weight of powdery 
polypropylene (MFI as in Example 1 ), furthermore 
10 parts by weight of Ca-stearate lubricant and 1 

35 part by weight of antioxidant (e.g. IRGANOX 
1010, produced by CIBA-GEIGY, Basle, 
Switzerland) are added to the above mixture. 
Thereafter the system is stirred for further 1 0 
minutes whereupon the temperature rises to 

40 65°C. 

The thus-obtained mixture can be processed 
on a roller mill and by calendering or granulation 



and injection moulding but it can be fed into a 
calendrette or an extruder with a broad slot 

45 without granulation as well. 

The DYNSTAT bending strength of the 2.5 mm 
thick plate obtained by pressing the composite 
material prepared in the above manner is 40 
N/mm 2 . The plate can be excellently processed by 

50 vacuum formation. 

Claims 

1 . A process for the preparation of a material of 
composite structure containing 20 — 99%, 
preferably 30 — 80% of a thermoplastic plastic 

55 and 2 — 80%, preferably 20 — 60% of a fibrous 
polymer skeleton material of natural origin, having 
a high modulus of torsional shear, good 
shockproofness and being processable by the 
formation of technologies of thermoplastic 

60 plastics, wherein the fibrous polymer skeleton 
material is previously treated with a resin mixture 
consisting of an unsaturated polyester resin and a 
vinyl monomer in an amount of 1 — 80%, 
preferably 2 — 40%, related to the skeleton 

65 material. 

2. A process as claimed in claim 1 , in which the 
system is submitted to a treatment promoting the 
reaction between the fibrous polymer skeleton 
material and the matrix consisting of the synthetic 

70 polymer and the vinyl monomer. 

3. A process as claimed in claim 2, 
characterised in that the treatment is carried out 
with 0.1 — 3% of a chemical initiator added to the 
polyester. 

75 4. A process as claimed in claim 2, 

characterised in that the natural fibrous polymer 
is irradiated with ionizing radiation of a dose of 
0.1 — 100 kGy, preferably 0.5 — 50 kGy, in the 
presence of air. 

80 5. A process substantially as hereinbefore 
described in any one of Examples 1 to 4, 

6. A material made by a process as claimed in 
any one of claims 1 to 5. 
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